We used two different methods to study the expression pattern of alkaline phosphatase (alp) in Dictyostelium. In situ staining of the endogenous enzyme activity at different stages of development showed that the enzyme was active early in the aggregation stage and localized to the area where the tip of the first finger was initiated. The activity was localized to the anterior region of developing slugs, then became restricted to the region between the prestalk and prespore cells at the culmination stage. In the complete fruiting body, the activity was confined to the lower and upper cup. A second method to study alp expression utilized a b-galactosidase reporter gene under the control of the alp promoter. A low level of b-galactosidase activity was observed in vegetative cells, then increased during development. Reporter gene activity was restricted to PstO cells at the slug stage. At the culmination stage, the expression was restricted to prestalk cells at the interface between the prestalk and prespore cells. In the completed fruiting body, the expression was observed in the upper and lower cup. q
Results and discussion
The activity of the membrane bound alkaline phosphatase (ALP) is regulated during cell differentiation of the cellular slime mold Dictyostelium discoideum (Lee et al., 1975; Loomis, 1969; Armant and Rutherford, 1979; Quiviger et al., 1980) . The enzyme is a glycoprotein with its catalytic domain on the extracellular surface of the plasma membrane (Armant et al., 1980; Glomp et al., 1985) . Some evidence has been presented that a single form of ALP is expressed during development of Dictyostelium (MacLeod and Loomis, 1979) . Substrate specificity studies using a partially purified preparation of ALP found that the enzyme showed a preference for 5 0 AMP (Armant and Rutherford, 1981 ).
When we searched the Dictyostelium database of developmentally expressed cDNAs with conserved sequences of 'classical' ALPs from other organisms several clones of the same gene were identified. Subsequent searches of Dictyostelium genomic databases revealed several hundred base pairs upstream and downstream from the cDNA. In this report, the time course of alp gene expression during development was analyzed as well as the pattern of cell-specific expression in developing individuals. In order to assay alp expression, a fusion gene was constructed in which the alp promoter directed the expression of b-galactosidase. Assay of reporter gene activity during the time course of development showed that the gene was expressed in vegetative cells and that the activity increased during development (Fig. 1) .
The endogenous ALP enzymatic activity was measured in situ using a novel and simple method to stain for ALP activity in whole organisms. In tight aggregates, scattered cells showed ALP activity ( Fig. 2A) . Fig. 2B , C shows intense ALP activity in cells that formed the tip of the aggregate. This localized activity was retained as the tip began to elongate to form the first finger stage (Fig. 2D) . As the first finger continued to elongate, activity was observed in anterior cells, while the posterior part of the finger showed no ALP activity (Fig. 2E ). In the completed slug, the activity was localized to prestalk cells in the anterior 20% of the slug (Fig. 2F) . At the culmination stage, the activity was restricted to cells at the interface of the prestalk and prespore cell regions (Fig. 2G-I ). During the early stages of fruiting body formation, the activity was restricted to the upper cup (Fig. 2J ) then later appeared in both the upper and lower cup (Fig. 2K ). In the mature fruiting body, the activity was restricted to upper and lower cup and was absent from other parts of the fruiting body (Fig. 2L) .
In order to determine if the localization of ALP enzyme activity was due to cell-specific expression of the alp gene, cells were transformed with a fusion gene in which the alp (02)00214-9 www.elsevier.com/locate/modo promoter directed the expression of b-galactosidase. Staining of growing cells for b-galactosidase activity showed that some cells were stained more intensely than others and that some cells were unstained (results not shown). Similarly, during the early stages of aggregation, some cells showed intense staining while others showed no reporter gene activity ( Fig. 3A-C) . At the first finger stage, cells expressing the fusion gene were concentrated in the tip (Fig. 3D) . During slug stage, the activity of b-galactosidase was restricted to a group of prestalk cells located just posterior to the tip, in cells that have been termed PstO cells (Jermyn et al., 1989; Jermyn and Williams, 1991) (Fig. 3E-G) . At the culmination stage, reporter gene activity was concentrated in the interface between prestalk and prespore cells (Fig. 3H) . Upon completion of the fruiting body, the activity was restricted to the lower and upper cup (Fig. 3I) . Little or no b-galactosidase activity was observed in the cells forming the stalk or in spore cells (Fig. 3I) . Thus, the expression of a reporter gene that was under control of the alp promoter was identical to the localization pattern of the authentic ALP enzyme activity. We conclude that the striking localization of ALP enzyme activity in certain prestalk cells is due to cell-specific expression of the encoding gene.
Although the mechanism by which ALP becomes localized during culmination remains unknown, the information described in this report suggest two possibilities. The results presented in Figs. 1 and 3 show that the enzyme is expressed in undifferentiated amoebae then increases in activity during development and becomes localized in a cell type that is approximately 10% of the total population. If it is assumed that alp is expressed equally in all growing cells, then the gene must be downregulated in 90% of the cell population during development. Alternatively, the gene may be expressed in a subset of cells that are destined to accumulate at the prespore prestalk interface. We attempted to distinguish between these alternative models by measuring reporter gene activity in growing cells. All growing cells expressed some level of b-galactosidase activity but some cells stained more intensely than others. However, it could not be determined if these intensely staining cells are the actual cells that become localized during development. It should also be emphasized that the results presented in this report could not be obtained with a long half-life reporter. The b-galactosidase reporter used here is the MacWilliams super labile reporter with a half-life of 30 min (Rafols et al., 2001) . By using this labile reporter, the down-regulation of alp during the differentiation of the two cells types could be observed, whereas it could not have been detected with a stable reporter. Finally, this report showed clearly how accurately the reporter gene expression pattern reflected the actual protein localization during development.
Experimental procedures

Construction of a alp-promoter-Lac Z fusion gene
Dictyostelium genomic DNA was used as a template to amplify by polymerase chain reaction (PCR) a fragment of approximately 880 bp of the alp promoter. Two primers with engineered Xba I restriction enzyme site were used (AP8R-Xba I: 5 0 -CTA GTC TAG ATT TTT ATT CTT ATT TTA TCT TTT T-3 0 and AP12F-Xba I: 5 0 -CGA TTC TAG AAG CTA AAA CAA TAA CAA TGA TAA T-3 0 ). The amplified DNA was first cloned into pBluescript for sequencing, then excised from pBluescript, by digestion with Xba I and fused in-frame to the super-labile plasmid 63-iDQgal (Rafols et al., 2001) . Dictyostelium cells were transformed with the plasmid harboring the alp-LacZ fusion gene as described previously (Nellen et al., 1984) .
Histochemical assay of ALP enzyme activity
Cells were plated on nitrocellulose filters, allowed to reach a specific stage of development, fixed in ALP buffer (100 mM Tris-HCl, pH 9.5, 100 mM NaCl, 5 mM MgCl 2 ) containing 1% glutaraldehyde for 90 min and then dried at room temperature (RT). The filters were immersed in ALP buffer containing 0.1% NP-40 for 30 min, then in ALP buffer containing BCIP (110 mg/ml) and NBT (140 mg/ml) for up to 90 min. The filters were washed twice with 50% methanol then stored in 50% methanol. An alternative fixation procedure was also effective, particularly with the later developmental stages. The nitrocellulose filters were fixed in 80% ethanol for 90 min, then in 100% ethanol for 2-3 h (Gomori, 1952) . The filters were air dried at RT, covered with ALP buffer containing 0.1% NP-40 for 30 min, then immersed in ALP buffer containing BCIP (110 mg/ml) and NBT (140 mg/ml) for up to 90 min.
Assay of b-galactosidase activity in vitro and in situ
Cells from different developmental stages were ruptured by freeze-thaw, then centrifuged at 20,000 £ g. Thirty-three microliters of enzyme solution was mixed with 66 ml of onitrophenyl-b-d-galactopyranoside (4 mg/ml in phosphate buffer) and 100 ml Z-buffer (Dingermann et al., 1989) at 228C. The absorbance at 415 nm was measured at different time periods using a Bio-Rad microplate reader. For in situ staining of b-galactosidase, nitrocellulose filters supporting the developing Dictyostelium were incubated in 1% glutaraldehyde in Z-buffer, then for 30 min in Z-buffer containing 0.1% NP-40, then stained with X-gal as described previously (Dingermann et al., 1989) . 19, 0.18, 0.18, 0.18, 0.19, 0.21, 0.23, 0.19, 0.04, 0.26, 0 .09 and 0.23 mm for A, B, C, D, E, F, G, H, I, J, K and L, respectively. All photographs were taken with an Olympus Digital Camera DP 10 attached to a dissecting microscope (Olympus SZXIZ) equipped with Phototonic PL 3000 as a light source and a P-300U Digital color printer. also Dr Jill Sible and Dr Kristi Decourcy for helping with digital images. 
